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GRADIENT SLOW-RELEASE ACTIVE
COMPOSITE FILM AND PREPARATION
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a 371 of international application of
PCT application serial no. PCT/CN2020/100484, filed on
Jul. 6, 2020, which claims the priority benefit of China
application no. 201910472013.0, filed on May 31, 2019. The
entirety of each of the above mentioned patent applications
1s hereby incorporated by reference herein and made a part
of this specification.

BACKGROUND

Technical Field

The present invention belongs to the techmical field of
active packaging materials, and specifically relates to a
gradient slow-release active composite film and a prepara-
tion method thereof.

Description of Related Art

With the enhancing global environmental consciousness,
edible packaging film with suitable moisture resistance,
oxidation resistance and anti-microbial property draws a
rescarch boom. Compared with other edible packaging
films, the protein-based film 1s highly popular 1n the field of
food packaging for having good air permeability and
mechanical property, and serving as a carrier of active
compounds. But the protein-based edible film generally has
drawbacks such as poor mechanical performance and poor
moisture resistance. These drawbacks restrict the application
of protein film 1n fresh-keeping packaging of food.

Chinese patent document CN 108163369 A discloses a
one-way moisture-resistant multi-layer edible film and a
preparation method thereof. The one-way moisture-resistant
multi-layer edible film, from outside to inside, 1s composed
of a hydrophobic external layer, a mechanical property-
adjustable intermediate transition layer and a hydrophilic
internal layer, wherein the hydrophobic external layer is
composed of 1 to 3 hydrophobic alcohol-soluble protein
layers, the hydrophilic internal layer 1s composed of 1 to 3
hydrophilic water-soluble protein layers, and the intermedi-
ate transition layer 1s composed of a mixture of an alcohol-
soluble protein and a water-soluble protein. By compositing
the alcohol-soluble protein having good moisture resistance
with the water-soluble protein having good water-retaining,
property to serve as a substrate of the multi-layer edible film,
the multi-layer edible film prepared has one-way moisture
resistance and good mechanical performance. However, at
present, for the reason that a water-soluble antioxidant 1s
mainly loaded to a hydrophilic substrate while a lipid-
soluble anti-microbial essential o1l 1s mainly loaded to a
hydrophobic substrate, and compatibility of these two 1s
poor, only one kind of anti-oxidant or anti-microbial agent
can be added to the edible film alone, and thus it 1s dithicult
to achueve the best fresh-keeping eflect of oxidation resis-
tance and anti-microbial property simultaneously, and dura-
tion of the anti-oxidant eflect and anti-microbial eflect 1s
short.

Therefore, it 1s of great significance 1n the aspects of
accelerating the development of food preservation and fresh-
keeping technology and providing a new-type of packaging
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maternal to eflectively composite the protein substrates with
different properties with active substances, so that the anti-
oxidant and the anti-microbial agent can be loaded to the

same f1lm system having long-term oxidation resistance and
anti-microbial property.

SUMMARY

The technical problem to be solved by the present mnven-
tion 1s to overcome the above-mentioned deficiencies and
drawbacks of the existing active films, and to provide a
gradient slow-release active composite film, wherein for the
first time a lipid-soluble plant essential o1l and a water-
soluble antioxidant are loaded to an alcohol-soluble protein-
water-soluble protein substrate 1n the same film system, and
the gradient slow-release active composite film can be
obtained by swtable compounding technology, which
achieves ellects of a long-term oxidation resistance and a
long-term anti-microbial property simultaneously on the
packaging materials, has excellent moisture resistance and
good mechanical performance, with extensive sources of
raw materials, easy-operational processing technology, low
energy consumption and high efliciency, and can be widely
used 1n industries such as food packaging.

Another objective of the present invention 1s to provide a
preparation method of the gradient slow-release active com-
posite film.

The objectives of the present invention are achieved by
the following technical solutions.

A gradient slow-release active composite film, from
inside to outside, 1s composed of an antioxidative hygro-
scopic internal layer, at least one gradient anti-microbial
antioxidative intermediate layer and at least one waterproof
external layer; wherein the antioxidative hygroscopic inter-
nal layer 1s prepared by an alcohol-soluble protein-water-
soluble protein substrate and a water-soluble antioxidant; the
gradient anti-microbial antioxidative intermediate layer is
prepared by an alcohol-soluble protein-water-soluble pro-
tein substrate and a lipid-soluble plant essential o1l and a
water-soluble antioxidant, wherein a mass ratio of the alco-
hol-soluble protein to the water-soluble protein 1s (1-2):(1-
2), a mass percentage of the lipid-soluble plant essential o1l
1s 2-10 wt %, a mass percentage of the water-soluble
antioxidant 1s 1-8 wt %; and the waterprootf external layer 1s
composed of a hydrophobic alcohol-soluble protein layer.

In a preferable embodiment of the present invention, from
the perspectives of long-term eflects of oxidation resistance
and anti-microbial property, the moisture resistance and the
mechanical performance of the composite film, in the gra-
dient anti-microbial antioxidative intermediate layer, the
mass ratio of the alcohol-soluble protein to the water-soluble
protein 1s 1:(1-2), more preferably 1:2.

Preferably, in the antioxidative hygroscopic internal layer,
a mass percentage of the water-soluble antioxidant 1s 8-12
wt %.

More preferably, in the antioxidative hygroscopic internal
layer, the mass percentage of the water-soluble antioxidant
1s 9-10 wt %.

Preferably, in the antioxidative hygroscopic internal layer,
a mass percentage of a mixture ol the alcohol-soluble
protein and the water-soluble protein 1s 20-40 wt %, wherein
a mass ratio of the alcohol-soluble protein to the water-
soluble protein 1s 1:(2-3).

More preferably, 1n the antioxidative hygroscopic internal
layer, the mass percentage of the mixture of the alcohol-
soluble protein and the water-soluble protein 1s 25-30 wt %.
At this moment, by ensuring the eflects of long-term anti-
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microbial property and oxidation resistance, the active com-
posite film has relatively good moisture resistance and
mechanical performance simultaneously.

Preferably, 1n the gradient anti-microbial antioxidative
intermediate layer, a mass percentage of a mixture of the
alcohol-soluble protein and the water-soluble protein 1is
18-35 wt %; in the waterprool external layer, a mass

percentage ol the hydrophobic alcohol-soluble protein 1s
15-25 wt %.

More preferably, in the gradient anti-microbial antioxida-
tive intermediate layer, the mass percentage of the mixture
ol the alcohol-soluble protein and the water-soluble protein
1s 20-28 wt %; 1n the waterproof external layer, the mass
percentage of the hydrophobic alcohol-soluble protein 1s
18-22 wt %.

Preferably, a number of the gradient anti-microbial anti-
oxidative intermediate layer 1s 2 to 4, a content of the
lipid-soluble plant essential o1l progressively increases from
inside to outside and layer by layer, and a content of the
water-soluble antioxidant progressively decreases Irom
inside to outside and layer by layer.

More preferably, the number of the gradient anti-micro-
bial antioxidative intermediate layer 1s 3; from inside to
outside, 1n a first intermediate layer, the mass percentage of
the water-soluble antioxidant 1s 7-8 wt %, the mass percent-
age of the lipid-soluble plant essential o1l 1s 2-4 wt %; 1n a
second intermediate layer, the mass percentage of the water-
soluble antioxidant 1s 4-6 wt %, the mass percentage of the
lipid-soluble plant essential o1l 1s 5-7 wt %; and 1n a third
intermediate layer, the mass percentage of the water-soluble
antioxidant 1s 1-3 wt %, the mass percentage of the lipid-
soluble plant essential o1l 1s 8-10 wt %.

Preferably, a number of the waterproof external layer 1s 1
to 3.

Preferably, the alcohol-soluble protein i1s one of or a
mixture of two or more ol zein, wheat gliadin, hordein,
kafirin and proso millet prolamin; the water-soluble protein
1s one of or a mixture of two or more of soybean protein,
whey protein, casein, gelatin and broad bean protein.
According to the present invention, suitable alcohol-soluble
protein and water-soluble protein that can be used include
but are not limited to these.

More preferably, the alcohol-soluble protein i1s zein, and
the water-soluble protein 1s gelatin (preferably gelatin A. 1.¢.
type A gelatin).

Preferably, the lipid-soluble plant essential o1l 1s one of or
a mixture of two or more of oregano essential oil, cinnamon
essential o1l, clove essential oi1l, peppermint essential oil,
thyme essential oi1l, tea tree essential o1l, rosemary essential
o1l, citronella essential o1l, wild rose essential oil, sweet
orange essential o1l, eucalyptus essential o1l or rose essential
o1l; and the water-soluble antioxidant 1s one or a mixture of
tea polyphenol, grape polyphenol, red wine polyphenol,
apple polyphenol, rosmarinic acid, antioxidant of bamboo
leat and wvitamin C. According to the present invention,
suitable water-soluble antioxidant and lipid-soluble plant
essential o1l that can be used include but are not limited to
these.

The present invention further provides an article which
includes the above-mentioned active composite film or 1s
prepared by the above-mentioned active composite film. The
article 1s a packaging bag or a packaging film.

The present mvention further provides a preparation
method of the active composite film, which includes the
following steps:

S1, preparation of a stock solution of the antioxidative

hygroscopic internal layer: dissolving the water-soluble
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4

protein and the water-soluble antioxidant 1n an aqueous
solution of an organic solvent, then adding the alcohol-
soluble protein to obtain the stock solution of the
antioxidative hygroscopic internal layer;

S2, preparation of a stock solution of the gradient anti-
microbial antioxidative intermediate layer: dissolving
the water-soluble protein and the water-soluble anti-
oxidant i an aqueous solution of an organic solvent,
adding the alcohol-soluble protein and the lipid-soluble
plant essential o1l to obtain the stock solution of the
gradient anti-microbial antioxidative intermediate
layer;

S3, preparation ol a stock solution of the waterproof
external layer: dissolving the alcohol-soluble protein 1n
an organic solvent to obtain the stock solution of the
waterproof external layer; and

S4, film-forming by casting: casting layer by layer, or
casting-co-calendering 1n separate layers, the stock
solutions of steps S1, S2, S3 according to the progres-
stvely increasing or decreasing contents ol water-
soluble antioxidant, to obtain a gradient slow-release
active composite film containing multi-layer of cast
films.

In some implementations, the organic solvent includes
acetic acid, ethanol, propionic acid, butyric acid or a mixture
thereof.

Preferably, the aqueous solutions of organic solvent 1n
steps S1 and S2 are an 80% acetic acid aqueous solution
and/or a 75% propionic acid aqueous solution, and the
organic solvent 1n step S3 15 a 100% acetic acid or 100%
propionic acid.

Preferably, a cast velocity 1s 0.05-0.2 m/s, a cast tempera-
ture 1s 50° C. to 90° C.; and a thuickness of each layer of cast
film 1s controlled to 10-20 um.

More pretferably, the cast velocity 1s 0.05-0.1 m/s, and the
cast temperature 1s 70° C. to 80° C.

Preferably, the plasticizer 1s one or more ol glycerol,
water, oleic acid and polyethylene glycol. According to the
present 1nvention, suitable plasticizer that can be used
includes but 1s not limited to glycerol, water, oleic acid and
polyethylene glycol.

More preferably, the plasticizer 1s glycerol.

Preferably, in the above steps S1 and S2, after adding the
water-soluble antioxidant and the lipid-soluble plant essen-
tial o1l, magnetic stirring 1s carried out for 30 minutes for
cach step before mixing.

Preferably, 1in the above steps S1, S2 and S3, after adding
the plasticizer, magnetic stirring 1s carried out for 1.5 to 2
hours for each step to enable each component in the stock
solution to be mixed sufliciently.

Preferably, the gradient slow-release active composite
film prepared 1n step S4 1s cooled and dried naturally at 20°
° C. to 30° C., and stored 1n a relative humidity of 40% to
60%.

Compared with the prior art, the present invention has the
following beneficial eflects.

1. The present invention provides a gradient slow-release
active composite film and a preparation method thereof. For
the gradient slow-release active composite film, it 1s the first
time that a lipid-soluble plant essential o1l and a water-
soluble antioxidant are loaded to an alcohol-soluble protein-
water-soluble protein substrate 1n the same film system, and
in a manner of combining an organic solvent method and a
casting method, the gradient slow-release active composite
f1lm 1s prepared by the technologies of casting layer by layer
or casting-co-calendering in separate layers as well as gra-
dient loading of active substances, wherein retention rates of
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the antioxidant and the essential o1l can be improved, and
long-term oxidation resistance and long-term anti-microbial
property can be achieved simultaneously.

2. In the gradient slow-release active composite film
according to the present invention, the essential o1l can be
encapsulated in a structural body of the alcohol-soluble
protein, and further encapsulated 1n a water-soluble protein
system to realize a double-encapsulation structure for the
essential o1l and achieve an effect of long-term controlled
release. The water-soluble antioxidant i1s loaded to the
water-soluble protein at the same time, which 1s conducive
to the rapid release thereof to inhibit the initial oxidative
browning.

3. The gradient slow-release active composite film
according to the present mmvention also has a one-way
moisture resistance function which can eflectively prevent
the moisture within the package from running off and
moisture in the air from entering, and can solve the problem
of condensation, having a potential application prospect 1n
fields such as packaging material.

4. The gradient slow-release active composite film
according to the present invention 1s a multi-layer composite
film structure. By the preparation method of the active
composite film according to the present invention, excellent
cohesiveness between each film layer can be ensured with-
out the addition of adhesive, which enables the active
composite film to have suitable tensile strength and breaking
strength.

5. The casting method 1s used in the present invention to
form an article, which has advantages such as high level of
continuation and short production cycle, and can realize a
large-scale 1industrial production with controllable film-
forming technology, and the thickness of the cast film
prepared can be adjusted at will, so as to widely applied in
industries such as food packaging.

6. Additionally, the gradient slow-release active compos-
ite film according to the present invention provides a novel
practical method for research and application of edible
packaging materials.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a packaging eflect diagram and a structural
diagram of a gradient slow-release active composite film
wrapping strawberries.

DESCRIPTION OF TH.

(L.
1]

EMBODIMENTS

The present invention 1s further described below 1n com-
bination with the accompanied drawing and specific
embodiments. The following embodiments are preferable
implementations of the present invention, but the scope of
protection of the present invention 1s not limited thereto in
any forms. Unless specified, reagents, methods and equip-
ment used in the present invention are conventional
reagents, methods and equipment 1n the art.

Unless specified, reagents and materials used 1n the fol-
lowing embodiments are commercially available.

Embodiment 1 Active Composite Film a

A gradient slow-release active composite film A was

prepared by the following steps:

(1) preparation of a stock solution of an antioxidative
hygroscopic internal layer: 1n a condition of 35° C. 8 g
of gelatin and 1.3 g of tea polyphenol were dissolved 1n
38 mL of 80% acetic acid aqueous solution, followed
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6

by magnetic stirring to suiliciently mix for 0.5 hour;
and then 4 g of zemn and 0.5 g of glycerol were added,

followed by magnetic stirring to sufhciently mix for 2
hours:

(2) preparation of a stock solution of a gradient anti-
microbial antioxidative intermediate layer: 4 g of gela-
tin and tea polyphenol with different mass fractions
were dissolved m 20 mL of 80% acetic acid aqueous
solution. 8 g of zein and rosemary essential o1l with
different mass fractions were dissolved in 18 mL of
80% acetic acid aqueous solution (1.e. a mass ratio of an
alcohol-soluble protein to a water-soluble protein 1n the
intermediate layer was 2:1), followed by magnetic
stirring to suthciently mix for 0.5 hour first; then two
solutions were mixed. 0.6 g of glycerol was added,
followed by magnetic stirring to sufhiciently mix for 2
hours, and three stock solutions of which mass per-
centages of tea polyphenol+rosemary essential o1l were
8%+2% (a first intermediate layer from inside to out-
side), 6%+4% (a second intermediate layer from 1nside
to outside), and 2%+8% (a third intermediate layer
from 1nside to outside), respectively, were obtained;

(3) preparation of a stock solution of a waterprootf exter-
nal layer: 12 g of zein was dissolved 1n 38 mL of 100%
acetic acid, and 0.8 g of glycerol was added, followed
by magnetic stirring to suiliciently mix for 2 hours; and

(4) film-forming by casting: according to the progres-

sively layer by layer decreasing mass percentages of tea
polyphenol from inside to outside and the progressively
layer by layer increasing mass percentages of the rosemary
essential o1l from inside to outside, 5 stock solutions
obtained 1n steps (1), (2), (3) were casted layer by layer,
wherein a cast velocity was 0.05 m/s, a cast temperature was
75° C., a thickness of each layer of a cast film was 15 um,
and a gradient slow-release active composite film A con-
tamning 5 layers of cast films was obtained.

Embodiment 2 Active Composite Film B

A gradient slow-release active composite film B was

prepared by the following steps:

(1) preparation of a stock solution of an antioxidative
hygroscopic internal layer: 1n a condition of 35° C. 8 g
of gelatin and 1.3 g of tea polyphenol were dissolved 1n
38 mL of 80% acetic acid aqueous solution, followed
by magnetic stirring to sufliciently mix for 0.5 hour;
and then 4 g of zemn and 0.5 g of glycerol were added,
followed by magnetic stirring to sufhiciently mix for 2
hours;

(2) preparation of a stock solution of a gradient anti-
microbial antioxidative intermediate layer: 6 g of gela-
tin and tea polyphenol with different mass fractions
were dissolved 1 20 mL of 80% acetic acid aqueous
solution. 6 g of zein and rosemary essential o1l with
different mass fractions were dissolved i 18 mL of
80% acetic acid aqueous solution (1.e. a mass ratio of an
alcohol-soluble protein to a water-soluble protein in the
intermediate layer was 1:1), followed by magnetic
stirring to suthciently mix for 0.5 hour first; then two
solutions were mixed. 0.6 g of glycerol was added,
followed by magnetic stirring to sufhiciently mix for 2
hours, and three stock solutions of which mass per-
centages of tea polyphenol+rosemary essential o1l were
8%+2% (a first intermediate layer from inside to out-
side), 6%+4% (a second intermediate layer from 1nside
to outside), and 2%+8% (a third intermediate layer
from 1nside to outside), respectively, were obtained;
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(3) preparation of a stock solution of a waterproof exter-
nal layer: 12 g of zein was dissolved 1n 38 mL of 100%
acetic acid, and 0.8 g of glycerol was added, followed
by magnetic stirring to sutliciently mix for 2 hours; and

(4) film-forming by casting: according to the progres-

sively layer by layer decreasing mass percentages of tea
polyphenol 1nside to outside and the progressively layer by
layer 1increasing mass percentages of the rosemary essential
o1l from 1nside to outside, 5 stock solutions obtained 1n steps
(1), (2), (3) were casted layer by layer, wherein a cast
velocity was 0.05 m/s, a cast temperature was 75° C., a
thickness of each layer of a cast film was 15 um, and a
gradient slow-release active composite film B containing 5
layers of cast films was obtained.

Embodiment 3 Active Composite Film C

A gradient slow-release active composite film C was

prepared by the following steps:

(1) preparation of a stock solution of an antioxidative
hygroscopic internal layer: 1n a condition of 355° C. 8 g
of gelatin and 1.3 g of tea polyphenol were dissolved 1n
38 mL of 80% acetic acid aqueous solution, followed
by magnetic stirring to suiliciently mix for 0.5 hour;
and then 4 g of zein and 0.5 g of glycerol were added,
followed by magnetic stirring to sufliciently mix for 2
hours:

(2) preparation of a stock solution of a gradient anti-
microbial antioxidative intermediate layer: 8 g of gela-
tin and tea polyphenol with different mass fractions
were dissolved 1n 20 mL of 80% acetic acid aqueous
solution. 4 g of zein and rosemary essential o1l with
different mass fractions were dissolved in 18 mL of
80% acetic acid aqueous solution (1.€. a mass ratio of an
alcohol-soluble protein to a water-soluble protein 1n the
intermediate layer was 1:2), followed by magnetic
stirring to sufliciently mix for 0.5 hour first; then two
solutions were mixed. 0.6 g of glycerol was added,
followed by magnetic stirring to suiliciently mix for 2
hours, and three stock solutions of which mass per-
centages of tea polyphenol+rosemary essential o1l were
8%+2% (a first intermediate layer from inside to out-
side), 6%+4% (a second mntermediate layer from 1nside
to outside), and 2%+8% (a third itermediate layer
from 1nside to outside), respectively, were obtained;

(3) preparation of a stock solution of a waterprool exter-
nal layer: 12 g of zein was dissolved 1n 38 mL of 100%
acetic acid, and 0.8 g of glycerol was added, followed
by magnetic stirring to suthciently mix for 2 hours; and

(4) film-forming by casting: according to the progres-

sively layer by layer decreasing mass percentages of tea
polyphenol from 1inside to outside and the progressively
layer by layer increasing mass percentages of the rosemary
essential o1l from 1nside to outside, 5 stock solutions
obtained 1n steps (1), (2), (3) were casted layer by layer,
wherein a cast velocity was 0.05 m/s, a cast temperature was
75° C., a thickness of each layer of a cast film was 15 um,
and a gradient slow-release active composite film C con-
taining 5 layers of cast films was obtained.

Embodiment 4 Active Composite Film D

A gradient slow-release active composite film D was
prepared by the following steps:

(1) preparation of a stock solution of an antioxidative

hygroscopic internal layer: 1n a condition of 33° C. 8 g

of gelatin and 1.3 g of tea polyphenol were dissolved 1n
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38 mL of 75% propionic acid aqueous solution, fol-
lowed by magnetic stirring to sufliciently mix for 0.5

hour; and then 4 g of zein and 0.5 g of glycerol were
added, followed by magnetic stirring to sutliciently mix
for 1.5 hours;

(2) preparation of a stock solution of a gradient anti-
microbial antioxidative intermediate layer: 8 g of gela-
tin and tea polyphenol with different mass fractions
were dissolved 1 20 mL of 75% propionic acid aque-
ous solution. 4 g of zein and rosemary essential o1l with
different mass fractions were dissolved i 18 mL of
75% propionic acid aqueous solution (1.e. a mass ratio
of an alcohol-soluble protein to a water-soluble protein
in the mtermediate layer was 1:2), followed by mag-
netic stirring to sutliciently mix for 0.5 hour first; then
two solutions were mixed, 0.6 g of glycerol was added,
followed by magnetic stirring to sufliciently mix for 1.5
hours, and three stock solutions of which mass per-
centages of tea polyphenol+rosemary essential o1l were
7% +4% (a first intermediate layer from inside to out-
side), 4%+7% (a second intermediate layer from 1nside
to outside), and 3%+10% (a third intermediate layer
from 1nside to outside), respectively, were obtained;

(3) preparation of a stock solution of a waterprootf exter-
nal layer: 12 g of zein was dissolved 1n 38 mL of 100%
propionic acid, and glycerol with 3% solid matter mass
was added, followed by magnetic stirring to sufliciently
mix for 1.5 hours; and

(4) film-forming by casting: according to the progres-

sively layer by layer decreasing mass percentages of tea
polyphenol from inside to outside and the progressively
layer by layer increasing mass percentages of the rosemary
essential o1l from inside to outside, 5 stock solutions
obtained 1n steps (1), (2), (3) were casted layer by layer,
wherein a cast velocity was 0.1 m/s, a cast temperature was
70° C., a thickness of each layer of a cast film was 10 um,
and a gradient slow-release active composite film D con-
taining 5 layers of cast films was obtained.

Embodiment 5 Active Composite Film E

A gradient slow-release active composite film E was

prepared by the following steps:

(1) preparation of a stock solution of an antioxidative
hygroscopic internal layer: 1n a condition of 53° C. 8 g
of gelatin and 1.3 g of tea polyphenol were dissolved 1n
38 mL of 80% acetic acid aqueous solution, followed
by magnetic stirring to sutliciently mix for 0.5 hour;
and then 4 g of zemn and 0.5 g of glycerol were added,
followed by magnetic stirring to sufhiciently mix for 2
hours;

(2) preparation of a stock solution of a gradient anti-
microbial antioxidative intermediate layer: 8 g of gela-
tin and tea polyphenol with a mass fraction of 8% were
dissolved 1 20 mL of 80% acetic acid aqueous solu-
tion, 4 g of zein and rosemary essential o1l with a mass
fraction of 8% were dissolved 1n 18 mL of 80% acetic
acid aqueous solution, followed by magnetic stirring to
sufliciently mix for 0.5 hour first; then two solutions
were mixed, 0.6 g of glycerol was added, followed by
magnetic stirring to sufliciently mix for 2 hours;

(3) preparation of a stock solution of a waterproof exter-
nal layer: 12 g of zein was dissolved 1n 38 mL of 100%
acetic acid, and 0.8 g of glycerol was added, followed
by magnetic stirring to suiliciently mix for 2 hours; and

(4) film-forming by casting: 3 stock solutions obtained in
steps (1), (2). (3) were casted layer by layer, wherein a
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cast velocity was 0.05 m/s, a cast temperature was 75°
C., a thickness of each layer of a cast film was 15 um,
and a gradient slow-release active composite film F
containing 3 lavers of cast films was obtained.

[T

Embodiment 6

In order to study eflect of ratios of the alcohol-soluble
protein (taking zein as an example) to the water-soluble
protein (taking gelatin as an example) 1n diflerent gradient
anti-microbial antioxidative intermediate layer substrates on
cohesiveness between each layers of the gradient slow-
release active composite film, peel strength between each
layers 1n the gradient slow-release active composite films A,
B and C obtained in Embodiments 1, 2 and 3 was deter-
mined. Setting of experimental groups and experimental
results are shown 1n Table 1.

TABLE 1

Variation of peel strensth of the active composite films

Peel strength (N/mm)

Between the
intermediate layer
and the external

Between the
internal layer and
the intermediate

layer layer
Active 1.87 2.09
composite film A
Active 2.31 2.75
composite film B
Active 4.12 3.89

composite film C

Results of Table 1 show that when the mass ratio of the
alcohol-soluble protein to the water-soluble protein 1n the
intermediate layer substrate 1s 1:2, peel strength between
cach layers in the obtained gradient slow-release active
composite film C 15 4.12 N/mm and 3.89 N/mm respectively,
higher than the other experimental groups.

Embodiment 7

In order to enhance the mechanical strength of the gra-
dient slow-release active composite film, to improve stabil-
ity of the structure, and to ensure the film not be torn easily,
cllects of ratios of the alcohol-soluble protein to the water-
soluble protein 1n different gradient anti-microbial antioxi-
dative intermediate layers on tensile strength and elongation
at break of the gradient slow-release active composite films
A, B and C obtained in Embodiments 1, 2 and 3 were

studied. Setting of experimental groups and experimental
results are shown 1n Table 2.

TABL.

L1l
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Results of Table 2 show that when the mass ratio of the
alcohol-soluble protein to the water-soluble protein in the
intermediate layer substrate 1s 1:2, the transversal and lon-
gitudinal tensile strengths of the obtained active composite
film C are 45.82 Mpa and 80.73 Mpa respectively, higher

than other experimental groups.

Embodiment 8

In order to maintain the relative humidity within the
active composite film and to reduce the volatilization of
moisture from fruits and vegetables, eflect of an exposed
blank group and eflects of ratios of the alcohol-soluble
protein to the water-soluble protein in different gradient
anti-microbial antioxidative intermediate layers on the mois-
ture loss rates of kiwi fruit wrapped by the gradient slow-
release active composite films A, B and C which were
obtained in Embodiments 1, 2 and 3, were studied during
preservation at 25° C. Setting of experimental groups and
experimental results are shown in Table 3.

TABLE 3

Variation of moisture loss rates of the kiwi fruit
wrapped by the active composite films

[.oss rate (%)

Active Active Active
Number Blank composite composite composite

of days (day) group film A film B film C
0 0 0 0 0

2 20.53 10.25 9.71 7.98

4 40.37 18.92 16.87 13.35

6 60.64 32.66 27.59 20.85

8 80.17 41.34 34.18 28.27

10 87.92 49.29 42.79 37.54

Results of Table 3 show that the moisture loss rates of the
sample groups are far less than the control group, indicating
that the active composite film enables a suitable relative
humidity to be maintained within the package, so as to
cllectively reduce the moisture loss rate of the kiwi fruit.
Especially for the active composite film C, that 1s, when the
mass ratio of the alcohol-soluble protein to the water-soluble

protein 1n the intermediate layer substrate 1s 1:2, the mois-
ture loss rate 1s the lowest.

Embodiment 9

In order to inhibit the surface of fruits and vegetables from
browning and growth of microorganism, and so as to ensure
the quality of fruits and vegetables and prolong the shelf life
thereol, eflect of an exposed blank group and effects of ratios

Variation of mechanical strength of the active composite films

Ratio of the
alcohol-soluble
protein to the

Active composite film Active composite film

water-soluble A B

protein Transversal Longitudinal Transversal Longitudinal
Elongation at 82.98 180.55 131.12 275.08
break (%)

Tensile 9.60 17.60 15.51 30.67

strength (Mpa)

Active composite film

C
Transversal Longitudinal
211.74 400.65
45.82 80.73
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of the alcohol-soluble protein to the water-soluble protein 1n
different gradient anti-microbial antioxidative intermediate
layers on the color variation of avocado and the total plate
count of banana wrapped by the gradient slow-release active

composite films A, B and C which were obtained in Embodi- >
ments 1, 2 and 3, were studied during preservation at 25° C.
Setting of experimental groups and experimental results are
shown 1n Table 4 (color vanation, AE) and Table 5 (total
plate count, TPC).
10
TABLE 4
Color variation of avocado wrapped by the active composite films
Active  Active Active Active Active 15
com- COoml- COmMl- COmMl- COM1-
Number  Blank  posite  posite posite posite posite
of days group filmA film B film C film D film E
(day) AL
0 0 0 0 0 0 0
2 1235 925 8.17 7.07 7.68 g.12 20
4 26.33 16.36 15.72 11.68 13.77 16.89
6 35.18 2447 21.83 15.24 19.14 25.37
8 44.25 33.73 29.91 20.76 25.71 34.09
10 5397  37.15 33.62 25.90 30.69 42.56
25
TABLE 3
Variation of total plate count of banana wrapped
by the active composite films
30
Active Active Active Active Active
COoml- COoml- COmMl- COmMl- COM1-
Number Blank  posite posite posite posite posite
of days group film A film B film C film D film E
(day) TPC (lg(ctu/g))
35
0 2.15 2.15 2.15 2.15 2.15 2.15
2 3.49 1.64 1.65 1.78 1.69 1.73
4 4.92 1.76 2.08 2.20 1.84 2.49
6 6.22 2.88 2.59 2.16 2.05 2.97
8 7.07 3.12 3.04 2.93 2.46 3.78
10 8.34 3.89 3.47 3.34 3.02 4.37 40

Results of Table 4 show that compared with the avocado
exposed to the ambience, browning and color varnation of
the surface of avocado can be eflectively inhibited by the
active composite films. It can be seen from the active 45
composite films A, B and C that the color variation 1is
reduced as the increasing content of gelatin loaded with tea
polyphenol, that 1s, when the mass ratio of the alcohol-
soluble protein to the water-soluble protein 1n the interme-
diate layer substrate 1s 1:2 (the active composite film C), the 50
best oxidation resistance eflect 1s provided; while it can be
seen from the active composite films C and D that the
oxidation resistance eflect decreases as the content of anti-
oxidant decreases; and the composite film E without gradi-
ent has poorer oxidation resistance eflect than others with 55
gradient. Results of Table 5 show that compared with the
banana exposed to the ambience, the total plate count of the
surface of banana can be effectively imnhibited by the activ
composite films. It can be seen from the active composite
films A, B and C that the total plate count increases as the 60
decreasing content of alcohol-soluble protein loaded with
plant essential o1l during the first 4 days, during the latter 6
days, the total plate count increases as the decreasing content
ol alcohol-soluble protein loaded with plant essential o1l,
indicating that with encapsulation by a substrate 1n suitable 65
rati0, release of essential o1l can be eflectively controlled
and a long-term anti-microbial effect can be obtained; while

12

it can be seen from the active composite films C and D that
the anti-microbial eflect 1s enhanced as the content of
anti-microbial agent increases; and the composite film E
without gradient has poorer anti-microbial effect than others
with gradient. In conclusion, with regard to the same con-
centration gradient, when the mass ratio of the alcohol-
soluble protein to the water-soluble protein 1n the interme-
diate layer substrate 1s 1:2, the best comprehensive effect of
and anti-microbial property can be achieved; with different
concentration gradients, the oxidation resistance effect and
the anti-microbial eflect are different, wherein the anti-
microbial eflect of the active composite film D 1s better than
the active composite film C, but the oxidation resistance
ellect of the active composite film D 1s poorer than the active
composite film C; and to sum up, the active composite film
E with one single gradient anti-microbial antioxidative inter-
mediate layer has shorter effectiveness of oxidation resis-
tance and anti-microbial property than the other active
composite films A, B, C and D with gradient.

In the above-mentioned embodiments, in addition to the
rosemary essential oil, plant essential o1l such as oregano
essential oi1l, cinnamon essential o1l, clove essential oil,
peppermint essential o1l, thyme essential o1l, tea tree essen-
tial o1l, citronella essential o1l, wild rose essential oi1l, sweet
orange essential o1l, eucalyptus essential o1l and rose essen-
t1al o1l can also be selected as the lipid-soluble plant essen-
tial o1l. In addition to tea polyphenol, water-soluble antioxi-
dants such as rosmarinic acid, antioxidant of bamboo leaf
and vitamin C can also be selected as the water-soluble
antioxidant. In addition to zein, hydrophobic alcohol-soluble
proteins such as wheat gliadin, hordein, kafirin and proso
millet prolamin can also be selected as the alcohol-soluble
protein. In addition to gelatin, hydrophilic water soluble
proteins such as soybean protein, whey protein, casein and
broad bean protein can also be selected as the water-soluble
protein. It 1s found by the inventors through experiments that
the above several kinds of lipid-soluble plant essential oil,
water-soluble antioxidants, alcohol-soluble proteins and
water-soluble proteins have acceptable effects, and sub-
strates of other lipid-soluble plant essential o1l and water-
soluble antioxidants are worse than the former.

Implementations of the present invention have been
described in detail above, but they are only examples for
case of understanding, and should not be regarded as restric-
tion to the scope of the present invention. Similarly, any
technical personnel skilled in the art can make various
possible equivalent changes or substitutions based on the
description of the technical solution of the present invention
and its preferred embodiments, but all these changes or
substitutions shall fall within the scope of protection of
claimed by the present invention.

What 1s claimed 1s:

1. A gradient slow-release active composite film, wherein
the film, from 1nside to outside, 1s composed of an antioxi-
dative hygroscopic internal layer, at least one gradient
anti-microbial antioxidative intermediate layer and at least
one waterprool external layer;

wherein the antioxidative hygroscopic internal layer is

prepared by an alcohol-soluble protein-water-soluble
protein substrate and a water-soluble antioxidant;

the gradient anti-microbial antioxidative intermediate

layer 1s prepared by an alcohol-soluble protein-water-
soluble protein substrate and a lipid-soluble plant
essential o1l and a water-soluble antioxidant, wherein a
mass ratio of the alcohol-soluble protein to the water-
soluble protein 1s (1-2):(1-2), a mass percentage of the
lipid-soluble plant essential o1l 1s 2-10 wt %, a mass
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percentage of the water-soluble antioxidant 1s 1-8 wt
%; and the waterproof external layer 1s composed of a
hydrophobic alcohol-soluble protein layer,

wherein a content of the lipid-soluble plant essential o1l
progressively increases from 1nside to outside and layer
by layer, a content of the water-soluble antioxidant
progressively decreases from inside to outside and
layer by layer,

wherein a number of the gradient anti-microbial antioxi-
dative intermediate layer 1s 3, and the gradient anti-
microbial antioxidative intermediate layer includes a
first intermediate layer, a second intermediate layer and

a third intermediate layer,

wherein the mass percentage of the lipid-soluble plant
essential o1l 1s 2-4 wt % 1n the first intermediate layer,
the mass percentage of the lipid-soluble plant essential
o1l 1s 5-7 wt % 1n the second intermediate layer, and the
mass percentage of the lipid-soluble plant essential o1l
1s 8-10 wt % in the third intermediate layer,

wherein the alcohol-soluble protein 1s one of or a mixture

of two or more of zein, wheat gliadin, hordein, and
proso millet prolamin.

2. An article, comprising or prepared by using the active
composite film according to claim 1.

3. The gradient slow-release active composite film
according to claam 1, wherein in the antioxidative hygro-
scopic internal layer, a mass percentage of the water-soluble
antioxidant 1s 8-12 wt %.

4. The gradient slow-release active composite film
according to claim 3, wherein in the antioxidative hygro-
scopic mternal layer, a mass percentage of a mixture of the
alcohol-soluble protein and the water-soluble protein is
20-40 wt %, wherein a mass ratio of the alcohol-soluble
protein to the water-soluble protein 1s 1:(2-3).

5. An article, comprising or prepared by using the active
composite film according to claim 4.

6. A preparation method of the active composite film
according to claim 4, wherein the method comprises the
tollowing steps:

step S1, preparation of a stock solution of the antioxida-

tive hygroscopic internal layer: dissolving the water-
soluble protein and the water-soluble antioxidant 1n an
aqueous solution of an organic solvent, then adding the
alcohol-soluble protein to obtain the stock solution of
the antioxidative hygroscopic internal layer;

step S2, preparation of a stock solution of the gradient

anti-microbial antioxidative intermediate layer: dis-
solving the water-soluble protein and the water-soluble
antioxidant 1 an aqueous solution of an organic sol-
vent, adding the alcohol-soluble protein and the lipid-
soluble plant essential o1l to obtain the stock solution of
the gradient anti-microbial antioxidative intermediate
layer;

step S3, preparation of a stock solution of the waterproof

external layer: dissolving the alcohol-soluble protein 1n
an organic solvent to obtain the stock solution of the
waterprool external layer; and

step S4, film-forming by casting: casting layer by layer, or

casting-co-calendering 1n separate layers, the stock
solutions of the step S1, the step S2, and the step S3
according to the progressively increasing or decreasing
contents of water-soluble antioxidant, to obtain the
gradient slow-release active composite film containing
multi-layer of cast films.

7. An article, comprising or prepared by using the active
composite film according to claim 3.
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8. A preparation method of the active composite film
according to claim 3, wherein the method comprises the
following steps:

step S1, preparation of a stock solution of the antioxida-

tive hygroscopic internal layer: dissolving the water-
soluble protein and the water-soluble antioxidant in an
aqueous solution of an organic solvent, then adding the
alcohol-soluble protein to obtain the stock solution of
the antioxidative hygroscopic internal layer;

step S2, preparation of a stock solution of the gradient

anti-microbial antioxidative intermediate layer: dis-
solving the water-soluble protein and the water-soluble
antioxidant 1 an aqueous solution of an organic sol-
vent, adding the alcohol-soluble protein and the lipid-
soluble plant essential o1l to obtain the stock solution of
the gradient anti-microbial antioxidative intermediate
layer;

step S3, preparation of a stock solution of the waterproof

external layer: dissolving the alcohol-soluble protein 1n
an organic solvent to obtain the stock solution of the
waterprool external layer; and

step S4, film-forming by casting: casting layer by layer, or

casting-co-calendering in separate layers, the stock
solutions of the step S1, the step S2, and the step S3
according to the progressively increasing or decreasing
contents of water-soluble antioxidant, to obtain the
gradient slow-release active composite film containing,
multi-layer of cast films.

9. The gradient slow-release active composite {ilm
according to claim 1, wherein in the gradient anti-microbial
antioxidative intermediate layer, a mass percentage of a
mixture of the alcohol-soluble protein and the water-soluble
protein 1s 18-35 wt %; in the waterproof external layer, a
mass percentage of the hydrophobic alcohol-soluble protein

1s 15-25 wt %.

10. An article, comprising or prepared by using the active
composite film according to claim 9.

11. A preparation method of the active composite film
according to claim 9, wherein the method comprises the
following steps:

step S1, preparation of a stock solution of the antioxida-

tive hygroscopic internal layer: dissolving the water-
soluble protein and the water-soluble antioxidant in an
aqueous solution of an organic solvent, then adding the
alcohol-soluble protein to obtain the stock solution of
the antioxidative hygroscopic internal layer;

step S2, preparation of a stock solution of the gradient

anti-microbial antioxidative intermediate layer: dis-
solving the water-soluble protein and the water-soluble
antioxidant 1 an aqueous solution of an organic sol-
vent, adding the alcohol-soluble protein and the lipid-
soluble plant essential o1l to obtain the stock solution of
the gradient anti-microbial antioxidative intermediate
layer;

step S3, preparation of a stock solution of the waterproof

external layer: dissolving the alcohol-soluble protein 1n
an organic solvent to obtain the stock solution of the
waterprool external layer; and

step S4, film-forming by casting: casting layer by layer, or

casting-co-calendering 1n separate layers, the stock
solutions of the step S1, the step S2, and the step S3
according to the progressively increasing or decreasing
contents of water-soluble antioxidant, to obtain the
gradient slow-release active composite film containing
multi-layer of cast films.
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12. The gradient slow-release active composite film
according to claim 1, wherein a number of the waterproof
external layer 1s 1 to 3.

13. An article, comprising or prepared by using the active
composite film according to claim 12.

14. A preparation method of the active composite film
according to claim 12, wherein the method comprises the
following steps:

step S1, preparation of a stock solution of the antioxida-

tive hygroscopic internal layer: dissolving the water-
soluble protein and the water-soluble antioxidant in an
aqueous solution of an organic solvent, then adding the
alcohol-soluble protein to obtain the stock solution of
the antioxidative hygroscopic internal layer;

step S2, preparation of a stock solution of the gradient

anti-microbial antioxidative intermediate layer: dis-
solving the water-soluble protein and the water-soluble
antioxidant 1 an aqueous solution of an organic sol-
vent, adding the alcohol-soluble protein and the lipid-
soluble plant essential o1l to obtain the stock solution of
the gradient anti-microbial antioxidative intermediate
layer;

step S3, preparation of a stock solution of the waterproof

external layer: dissolving the alcohol-soluble protein 1n
an organic solvent to obtain the stock solution of the
waterprool external layer; and

step S4, film-forming by casting: casting layer by layer, or

casting-co-calendering in separate layers, the stock
solutions of the step S1, the step S2, and the step S3
according to the progressively increasing or decreasing
contents of water-soluble antioxidant, to obtain the
gradient slow-release active composite film containing
multi-layer of cast films.

15. The gradient slow-release active composite film
according to claim 1, wherein

the water-soluble protein 1s one of or a mixture of two or

more of soybean protein, whey protein, casein, gelatin
and broad bean protein;

the lipid-soluble plant essential o1l 1s one of or a mixture

of two or more of oregano essential o1l, cinnamon
essential o1l, clove essential oi1l, peppermint essential
o1l, thyme essential oil, tea tree essential o1l, rosemary
essential o1l, citronella essential o1l, wild rose essential
o1l, sweet orange essential oil, eucalyptus essential o1l
and rose essential oi1l; and

the water-soluble antioxidant 1s one of or a mixture of two

or more of tea polyphenol, grape polyphenol, red wine
polyphenol, apple polyphenol, rosmarinic acid, antioxi-
dant of bamboo leaf and vitamin C.

16. An article, comprising or prepared by using the active
composite film according to claim 15.

17. A preparation method of the active composite film
according to claim 135, wherein the method comprises the
tollowing steps:

step S1, preparation of a stock solution of the antioxida-

tive hygroscopic internal layer: dissolving the water-
soluble protein and the water-soluble antioxidant 1n an
aqueous solution of an organic solvent, then adding the
alcohol-soluble protein to obtain the stock solution of
the antioxidative hygroscopic internal layer;
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step S2, preparation of a stock solution of the gradient
anti-microbial antioxidative intermediate layer: dis-
solving the water-soluble protein and the water-soluble
antioxidant 1n an aqueous solution of an organic sol-
vent, adding the alcohol-soluble protein and the lipid-
soluble plant essential o1l to obtain the stock solution of
the gradient anti-microbial antioxidative intermediate
layer;

step S3, preparation of a stock solution of the waterproof

external layer: dissolving the alcohol-soluble protein 1n
an organic solvent to obtain the stock solution of the
waterproof external layer; and

step S4, film-forming by casting: casting layer by layer, or

casting-co-calendering in separate layers, the stock
solutions of the step S1, the step S2, and the step S3
according to the progressively increasing or decreasing,
contents of water-soluble antioxidant, to obtain the
gradient slow-release active composite film containing,
multi-layer of cast films.

18. A preparation method of the active composite film
according to claim 1, wherein the method comprises the
following steps:

step S1, preparation of a stock solution of the antioxida-

tive hygroscopic internal layer: dissolving the water-
soluble protein and the water-soluble antioxidant in an
aqueous solution of an organic solvent, then adding the
alcohol-soluble protein to obtain the stock solution of
the antioxidative hygroscopic internal layer;

step S2, preparation of a stock solution of the gradient

anti-microbial antioxidative intermediate layer: dis-
solving the water-soluble protein and the water-soluble
antioxidant in an aqueous solution of an organic sol-
vent, adding the alcohol-soluble protein and the lipid-
soluble plant essential o1l to obtain the stock solution of
the gradient anti-microbial antioxidative intermediate
layer;

step S3, preparation of a stock solution of the waterproof

external layer: dissolving the alcohol-soluble protein 1in
an organic solvent to obtain the stock solution of the
waterprool external layer; and

step S4, film-forming by casting: casting layer by layer, or

casting-co-calendering in separate layers, the stock
solutions of the step S1, the step S2, and the step S3
according to the progressively increasing or decreasing,
contents of water-soluble antioxidant, to obtain the
gradient slow-release active composite film containing,
multi-layer of cast films.

19. The preparation method of the active composite film
according to claim 18, wherein a cast velocity 1s 0.05-0.2
m/s, a cast temperature 1s 50° C. to 90° C.; and a thickness
of each layer of cast film 1s controlled to 10-20 um.

20. The preparation method of the active composite film
according to claim 18, wherein the antioxidative hygro-
scopic mternal layer, the gradient anti-microbial antioxida-
tive intermediate layer and the waterproof external layer
turther comprise a plasticizer, and an addition amount of the
plasticizer accounts for 10% to 30% of a mass of solid
matters.




	Front Page
	Drawings
	Specification
	Claims

